The terms chronic bronchitis and emphysema have been used together for many years, but unless the emphysema is advanced there can be no clinical or radiological proof of its existence in a "bronchitic." Even in necropsy material the presence of centrilobular emphysema has been identified only very recently (Gough, 1952; McLean, 1956a; Leopold and Gough, 1957) . Fletcher (1952) points out that the objective methods of the physiologist can help the clinician in his perplexity over the clinical diagnosis of emphysema. Further work on the basic pathological appearances of emphysema should be of some assistance in interpreting physiological findings in chronic bronchitics.
It was decided, on these grounds, to examine a series of lungs obtained at necropsy from patients with clinical evidence of chronic bronchitis, using special methods to demonstrate emphysema. The series is small and growing slowly, but since 12 of the first 14 cases showed widespread centrilobular emphysema, it was thought worth while to describe the methods and some of the findings to date. A close clinico-pathological study is the eventual aim of the work.
The clinical features of chronic bronchitis have been summarized by Scadding (1952) and by Oswald, Harold, and Martin (1953) . Selection of the present cases was based on their descriptions.
Pathologists have used unreliable signs of emphysema in the past. Bullae are not always an indication of widespread disease and may be seen quite commonly in the upper lobes of elderly subjects with otherwise relatively normal lungs. Bullae may be absent from lungs showing widespread centrilobular emphysema. Large lungs bulging from the opened thorax at necropsy indicate terminal bronchial obstruction which may mean acute emphysema rather than chronic. A more reliable indication of emphysema is the soft, stringy character of the cut surface of the severely affected lung, though this is often difficult to see. Moderate grades can be found by floating slices of lung in water and this is a useful procedure, but the translucency of lung tissue still prevents fine details from being recognized with conviction. (Fig. 8) . It also shows that in advanced diffuse emphysema the arteries remain intact (Fig. 4) , while the other structures of the lobule atrophy. Focal emphysema has been described by Gough (1940) and Heppleston (1947) . Recent Spain and Kaufman (1953) examined multiple sections of emphysematous lungs and described changes in bronchioles which they considered to be the basic lesion of emphysema. Reid (1954 Reid ( , 1955 Reid ( , 1956 McLean (1956b, 1957a, b, and c) attributed the bronchiolectasis of centrilobular emphysema to a proximal bronchiolitis and airtrapping. (Harrison, 1955) The usual practice with lungs which have been treated in this way is to seal off the bronchus and allow the lung to float in formalin. I have examined numerous specimens fixed in this way and have had no difficulty in mapping out coarser grades of emphysema, e.g., as seen in Fig. 5 , but with the finer grades of change errors may appear. The floating lung flattens and shrinks as the formalin leaks away through the pulmonary vessels. Formalin is a slow fixative and I have found that shrinkage can be prevented only by maintaining the pressure of the injection at 10 to 12 in. for several days, preferably two weeks. There is no significant change in the volume of the lung over the fixation period nor for weeks or months after the pressure has been released. The lung retains its anatomical features precisely and slices show even fixation.
FIXATION METHOD
The main parts of the apparatus are illustrated in Fig. 1 . The head of pressure is supplied through a syphon from the flask D, the upper end of the overflow H being set 10-12 in. (25-30 cm.) above the fluid level in the lung container F. Continuous suction is applied at G, drawing fixative into the upper container A. When the level of fluid in the lung container drops below the lower end of the tube E, the vacuum breaks and fixative flows past the one-way glass valve C into flask D. Excess fluid escapes into the lung container by the overflow H, restoring the vacuum. The glass valve C prevents fixative from being drawn up from the flask D to the upper container A, and is made to carry a fast downward flow of fixative when the vacuum breaks. The clip B is adjusted to prevent the flask from overflowing.
Suction is applied in two ways. While the lung is filling, a filter pump (Edwards's "speedivac" metal water jet pump) is used to cope with the large volume of fixative required. (Cunningham and Miller, 1952) . The lung was cut with the costal surface lowermost and slices then ran anteroposteriorly and included the main segments. Severely emphysematous lungs cut well if the pressure of formalin was maintained through the bronchi as the knife passed through the lung.
Barium impregnation was devised to render the translucent lung tissue opaque. A selected slice lateral to the main bronchi was squeezed lightly in water and placed in a tray of warm, aqueous barium nitrate (approximately 75 g. in 1 litre of water). The lung was gently pressed in all parts to aid absorption of the solution and, after one minute, the slice was lightly squeezed out and transferred to a warm aqueous solution of sodium sulphate (approximately 100 g. in 1 litre of water). The reagents were stored in an incubator at 370 C. and were thus available for use at any time. The lung slice was again pressed in all areas for one minute, squeezed out lightly and returned to the barium nitrate. This was repeated two to four times and the whitened slice was squeezed lightly in water and stored in a large vessel of 20% formalin. Lung slices became distorted permanently if they were not stored flat. The barium sulphate impregnation usually increased the weight and caused them to sink slowly in the fixative. Up to 12 slices could be stored flat resting lightly one upon the other without becoming distorted.
Barium sulphate was precipitated very finely on all structures and did not detach readily. The treated slices were examined in trays under water. They were greyish-white and no attempt was made to bring back the original colour. Dust pigment was not obscured by moderate barium sulphate impregnation, and since centrilobular emphysema affects the frequently pigmented respiratory bronchioles, these showed up as dark holes against white unaffected lung-a great aid to visualization and to photography (with the slice in water). The finer details, as viewed in water by means of a dissecting microscope, were extremely satisfactory (see Fig. 4 ). The method has been used on slices of fresh tissue, fixed quickly by floating flat in strong formalin for one half to one hour, to demonstrate major findings urgently. It has also been used on museum preparations of emphysematous lungs.
RESULTS
Lungs are being taken at necropsy from patients with a history of chronic bronchitis and compared with a series from patients with non-respiratory illnesses. From the study of this material to date, and in the light of recent work quoted in the introduction, the following anatomical classification of emphysema has been framed: (1) Diffuse emphysema, and (2) who died of coronary thrombosis. He had " bronchitis" at the age of 6 years, but complained only latterly of cough, worse in winter. He smoked 25 cigarettes a day and stoked furnaces for over 20 years. The lung shows mild, but widespread, centrilobular emphysema. Almost every lobule has a central cluster of slightly dilated, pigmented bronchioles. The lesions were not detected in the fresh right lung at necropsy, but are obvious in the barium-impregnated slices of the long-fixed lung. Control material shows that this is a true centrilobular emphysema and not an artefact produced by distension with formalin. Note the relativelv normal lung substance near the interlobular septa. Fig. 7 is part of the anterior segment of the upper lobe of the right lung from a man of 75 years who died of carcinoma of the left lung. He smoked 60 cigarettes a day from the age of 18, complained of a " smoker's cough " all his life, had winter bronchitis for " years," more serious for the last five years, and three years before death had had bronchopneumonia. There is more marked centrilobular emphysema than in the previous case and the dilated respiratory bronchioles have run together to form prominent cyst-like spaces crossed by stretched vessels and remnants of bronchiolar walls. Fig. 8 is part of the lower lobe of the right lung from a man of 55 years who died of cor pulmonale. He had pneumonia 17 years previously and his chronic bronchitis dated from that event.
There was post-inflammatory scarring of the upper lobe and widespread bronchiectasis. This slice shows widespread centrilobular emphysema and, in spite of the absence of interlobular septa, the centrilobular position of the lesions is shown by their tendency to surround the terminal branches of the injected pulmonary arterial tree. For the same reason, the lesions avoid the regions of the pulmonary veins. Fig. 9 is the right lung of a woman of 37 who died of cor pulmonale 13 years after a left-sided thoracoplasty for pulmonary tuberculosis. For the last four years she had chronic bronchitis with exacerbations in the winter. The lower lobe shows a mild grade of pigmented centrilobular emphysema in most areas. The middle lobe is almost normal, though the absence of pigment may indicate previous inflammation . The upper lobe shows advanced emphysema, heavily dust-pigmented. This is a case of mild widespread centrilobular emphysema with accentuation near the scarring of healed apical tuberculosis. Fig. 10 shows that the change in the upper lobe is basically centrilobular in type (note the bariumgelatin injection of a number of the lobular arteries).
Mixed patterns were common. Fig. 11 is the left lung of a man of 68 years with a long history of chronic bronchitis dating from gassing in the first world war. He died of cor pulmonale. In the centre of the upper lobe there is marked centri- Fig. 12 . The bulla in the anterior segment of the upper lobe may be either a superficial exaggeration of centrilobular disease or a separate phenomenon, possibly best described for the present as superficial emphysema. In the lower lobe (Fig. 11) An uncommon mixed pattern is shown in Fig. 13 . It is from the right lung of a man of 76 who had chronic bronchitis for a " few years," and died of carcinoma of the oesophagus. There was centrilobular emphysema of much of the upper lobe and of the upper parts of the middle and lower lobes. Two types of lesion can be seen in the centre of the upper lobe (Fig. 13) . In addition to centrilobular emphysema, the periphery of some lobules appears to have been stretched away from the thickened fibrous septa and associated septal veins, leaving thin filaments to bridge the gaps. A term which would seem to describe this appearance best is "paraseptal emphysema." Gough (1952) described bullae along blood vessels, bronchi, and septa. He attributed them to the expanding force of respiration which seemed to pull the degenerate lung substance from its framework. illustrated in Fig. 15 , which was from a man of 75 who had had three attacks of pneumonia, 47, seven, and two years before dying from carcinoma of the prostate. He had had chronic bronchitis for some years. The photograph shows scarring in several areas of the left lung (sometimes with bronchiectasis), and about each scar is a zone of localized centrilobular emphysema. The endresult is almost equivalent in extent to a widespread centrilobular emphysema.
In conclusion, the lungs of established chronic bronchitics very often show centrilobular emphysema (and occasionally diffuse emphysema). and fine details of air spaces can be studied by the dissecting microscope very satisfactorily. Some indication of this is given by the accompanying illustrations. A classification is described.
